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1  Introduction 
 

Within the Alpha Magnetic Spectrometer experiment AMS02 (http://ams.cern.ch) the Tracker 

experiment is thermally conditioned by the Tracker Thermal Control System (TTCS). The AMS Tracker 

Thermal Control System (TTCS) is a two-phase cooling system developed by NLR (The Netherlands), 

INFN Perugia (Italy), Sun Yat Sen University, Zhuhai (China), AIDC Taichung, (Taiwan), Massachusetts 

Institute of Technology (USA),  and NIKHEF (The Netherlands). The TTCS is a mechanically pumped 

two-phase carbon dioxide cooling loop. Main objective is to provide accurate (< 3 K) temperature 

control and remove the 140 W heat of the AMS02 Tracker front-end electronics. 

Figure 1: TTCS Condensers at the RAM radiator (picture by  F. Cadoux  

Two important components of each of the two TTCS loops are the TTCS condensers located on the 

Tracker radiators. In the condensers the vapour CO2 is condensed to liquid and the heat is dumped 

into space by radiation. 

As the CO2 melting temperature is -55 ºC and the condensers are located on the outside of the 

AMS02 experiment CO2 can freeze in an AMS02 power down situation. To recover from such a 

situation heaters are located at the Tracker radiator and condensers. Also the condenser inlet and 

outlet are equipped with heaters to melt the CO2 in the inlet and outlet lines of the condensers. The 

heater design is shown below.  Heater design details can be found in AMSTR-NLR-TN-043 TTCS heater 

specification.  
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Figure 2: Condenser with condenser liquid line heater wrapped around the inlet and outlet and MLI volume 

 

This proposal describes the activities required to verify the condenser 28V heater design by test in the 

NLR TV-chamber.  
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2  Test  Objectives 
 

The test objectives are:  

1. Verification of the temperature increase of the condenser inlet and outlet tubes  

a. Measure the tubes temperature (determine time constant) 

It need to be verified whether the radiation heat transfer to the tubes is sufficient 

b. Measure the heater wire temperature  

Verification of the maximum heater wire temperature (MLI specification) 

2. Verification of the largest temperature difference on the tubes during heating 

a. Largest temperature between wire heater-condenser tube touch point and a cold 

point on the tubes  

b. Safety verification lowest point is > -55ºC when touch point reaches -5 ºC  

3. Verification of the condenser brackets temperature  

a. Simulate the thermal switches to protect the carbon fibre Tracker rods 

4. Measure the heat leak of the condenser lines 

 

Additional to this, the test could be used to verify the INFN/CGS thermal model of the condenser line 

heaters. However this is not part of this proposal.  

 

3  Item under  test  
The tests will be performed with the TTCS QM condenser equipped with flight heaters and a 

representative MLI. TTCS QM condenser is an exact copy of the FM condensers with the following 

exceptions:  

• A limited number of 120 V heaters are attached to the condenser surface 

a. No impact on the test with the 28 V heaters 

• QM Condenser brackets are slightly different  

a. As the main purpose is to check the radiative heat transfer this difference can be 

accepted. 

• QM condenser is attached to a stainless steel frame not to Tracker rods  

a. The stainless to stainless contact resistance is equal or higher than the stainless to 

carbon fibre resistance. The effect creates a worst case. The difference is acceptable 

to draw conclusions. 

 

4  Test  facil it ies  
The test will be performed in the NLR Thermal vacuum chamber.  The facility is described in Appendix 

A.  
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5  Work breakdown  
The work is divided into three work packages. WP100 comprises the test and facility preparation, WP 

200 concerns the test execution and reporting. Both tasks will be done by NLR. In a separate WP 300 

the MLI manufacturing is allocated. This task is performed by RUAG Space GmbH Vienna, AUSTRIA. 

 

• WP 100 Test preparation WP 100 Test preparation WP 100 Test preparation WP 100 Test preparation (NLR)(NLR)(NLR)(NLR)    

o Facility preparation  

o Procedure preparation 

o Preparation of QM condenser  

� Wrap and attach heater wire to condenser 

� Install MLI around condenser inlet/outlet tubing 

� Install Pt1000 at flight control locations 

� Install Thermocouples at reference points  

• Thermal switch locations 

• On tubes  

• On wire heaters 

• On brackets  

• Inside & Outside MLI 

o Implement on/off control based on Pt1000 location for nominal operational  

o Implement on/off control of heaters based on TC measurement on thermal switch 

locations (safety switches) 

  

• WP200 Test execution and reporting WP200 Test execution and reporting WP200 Test execution and reporting WP200 Test execution and reporting (NLR)(NLR)(NLR)(NLR)    

o Perform reference heating test in ambient conditions  

� Check for major flaws  

o Perform test in thermal vacuum chamber  

� Perform cooling down cycle to -80 C and monitor gradients 

� Perform heating with Pt1000 control until control point is reached  

• Nominal control set-point is between [-32 C, +31 C] 

� Perform further heating with control based on Thermal Switch location 

temperature  

• Thermal switch set-point (opening +54 C, closing +32 C) 

� Repeat  the same test once 

o Reporting  

� Provide report including at least:  

• Gradient information  

• Maximum temperatures MLI, heaters, tubes 

• Recommendations for TTCS operation set-points 
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• WP300WP300WP300WP300    MLI manufacturing MLI manufacturing MLI manufacturing MLI manufacturing test sample and Flight Models (RUAG)test sample and Flight Models (RUAG)test sample and Flight Models (RUAG)test sample and Flight Models (RUAG)    

o Provide high temperature TTTTest sample blanketest sample blanketest sample blanketest sample blanket for the condenser test.  

The QM condenser is like the Primary Wake/Secondary RAM so similar to the lay-out 

Blanket TTCS tubes Wake XP: G4370 -110-780 (=G4370-110-765)   

 

o High temperature blanket should have a lay-up as shown below: 

 

 

 

 

 

 

 

  

 

o The MLI will be procured at RUAG located in Vienna Austria. 

 

 
 

Kapton 

Glass fibre spacer 

Kapton 
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5.1 Deliverables 

 

DoDoDoDocuments cuments cuments cuments     WP refWP refWP refWP ref    RespRespRespResp    Delivery dateDelivery dateDelivery dateDelivery date    

TTCS Condenser thermal vacuum test procedure 100 NLR KO+4 days 

TTCS Heater Design verification test report  200 NLR FR 

TTCS MLI test sample  300 RUAG KO+4 days 

 

6  Project  team 
The work will be performed by the NLR Space TTCS project team (Mr. A. Pauw, Mr. G van Donk, Mr. W. 

de Grave and Mr. J. van Es) at the NLR space department. The TTCS team will be supported by other 

NLR departments and workshops when needed. The MLI (WP300) is procured at RUAG Space GmbH 

Vienna, AUSTRIA.  
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7  Cost,  Schedule and contractual  aspects 

7.1 Price Breakdown  
A price breakdown is presented in Table 7-1.  
 

WPWPWPWP    ManManManMan    

hourshourshourshours    

Fac.Fac.Fac.Fac.    

hourshourshourshours    

Costs (Euro)Costs (Euro)Costs (Euro)Costs (Euro)    

WP 100 Test preparations 62  6,640.- 

WP 200 Test & test reporting (including facility costs) 51 48 9,980.- 

WP 300 MLI Manufacturing Procurement costs   7,000 

Total Total Total Total         113113113113    48484848    23,62023,62023,62023,620....----    

Table 7-1: Costs per WP  

The activity is offered for: 

F i rm  F i xed  Pr ice  €  23 ,620  Euro   (exc l .  VAT)  
The Price is for all deliverables Delivered Duty Paid (DDP), exclusive of import duties and VAT in 

accordance with the INCOTERMS 2000. The proposed payment schedule is shown below. 

 

MilestoneMilestoneMilestoneMilestone    DateDateDateDate    PercentagePercentagePercentagePercentage    PaymentPaymentPaymentPayment    

Final delivery   07-01-2010 100% € 23,62€ 23,62€ 23,62€ 23,620.0.0.0.---- 

 

Payment should be in accordance with the payment paragrapgh 8 of the NLR general conditions for 

small and medium sized project (Appendix B of this proposal). Payment is expected within 30 days 

after invoice date. 

7.2 Test  Duration,  Schedule & Assumptions 

Estimated test preparation for is 4 days. The test duration is estimated on 3-4 days. The 

manufacturing of the test MLI sheet will be started after KO by mutual agreement of the customer and 

subcontractor. The activities will be started as soon as this proposal is signed by MIT.  

7.3 Contractual  aspects  

 

7.3.1 General  Condit ions 
The General Conditions of NLR for small and medium sized projects are applicable and attached in 

the ANNEX ANNEX ANNEX ANNEX of this proposal. NLRs liability for this contract is restricted to €10.000. (General 

conditions 7.1) 

 

7.3.2 Val idity  of  this  Proposal  
This Proposal remains valid for acceptance until 31 December 2009. NLR trusts that the proposed 

work, the quoted price, the allocated responsibilities and planning meet your requirements and is 

looking forward to a fruitful co-operation with MIT.  
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7.4 Acceptance and Signature  
 

Done and signed in two original copies:  

 

 

 

 

On behalf of MIT:  

          Date:  ............... 

 

           

 ........................................... 

 

             

 

             

 

 

 

On behalf of NLR:  

          Date:  ............... 

 

           

 ........................................... 
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Appendix  A:  Faci l i t ies  
 

NLR operates a Thermal Vacuum Laboratory for research on (aero)space thermal related issues. This 

laboratory is equipped with various data-acquisition systems, ranging from thermocouple, thermistor, 

platina type temperature sensor based systems to a 50 Hz infrared camera and vacuum/pressure 

measurement systems.  

 

For the offered test the the Thermal Vacuum Space Simulator (Thermal-vacuum chamber). Its internal 

working space has a diameter of 0.9 m and a length of 1.5 m. The temperature is controlled to within 

±2 K by means of gaseous nitrogen which circulates in a cylindrical shroud. The maximum heat load 

at -180°C is 500 W. One of the two chamber doors is equipped with a 0.25-m diameter quartz 

window, allowing the test items to be observed. Thermal Cycling tests can be performed using the 

thermal shroud and/or a heat sink.  

 

 

Figuur 3: Thermal Vacuum Space Simulator 
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Specifications: 

• Shroud TemperatureShroud TemperatureShroud TemperatureShroud Temperature    
Temperature range: -150 °C up to +150 °C 
Max. temperature rate-of-change: upslope 1.7 °C/min, down slope 3 °C/min 
Programmable temperature profiles  
 

• Heat sink Temperature (independent from shroud)Heat sink Temperature (independent from shroud)Heat sink Temperature (independent from shroud)Heat sink Temperature (independent from shroud) 
Temperature range: -100 °C up to +120 °C 
Max. temperature rate-of-change: upslope ~7 °C/min, down slope ~10 °C/min 
(depending on test item and I/F plate thermal mass) 
Programmable temperature profiles  
 

• PressurePressurePressurePressure 
Ultimate vacuum: 2 × 10-7 mbar (=2 × 10-5 Pa) (depending on test item out gassing)  
 

• Dimensions and feed throughsDimensions and feed throughsDimensions and feed throughsDimensions and feed throughs    
Useful dimension: 150 x 90 cm (length x diameter) 
Various feed through flanges, 2 ×10″, 2 × 4″ 
One viewing glass (visible light or infrared)  
 

• Data acquisitionData acquisitionData acquisitionData acquisition    
A separate, independent data-acquisition system is available for multi thermocouple 
(type-T) data logging, current maximum is 54 but expansion is possible. If 
required the system is easily expanded for voltage, resistance or current measurements  
 

• OtherOtherOtherOther 
Dry vacuum pump system, cryo pump for high vacuum 
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Appendix  B:  NLR General  Condit ions NLR 

for  small  and medium sized projects  
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Appendix  C:  Overal l  TTCS MLI lay-out  
 

 
Picture by RUAG. 
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WHAT IS  NLR  

 

T h e  N a t i o n a l  A e r o s p a c e  L a b o r a t o r y  ( N L R )  i s  t h e  c e n t r e  f o r  A e r o s p a c e  

R e s e a r c h ,  D e v e l o p m e n t ,  T e s t  &  E v a l u a t i o n  i n  T h e  N e t h e r l a n d s  

 

N L R  i s  a  n o n - p r o f i t  o r g a n i s a t i o n  a n d  e m p l o y s  o v e r  7 0 0  p e o p l e ,  t h e  

m a j o r i t y  b e i n g  a c a d e m i c a l l y  t r a i n e d  p r o f e s s i o n a l s .  T h e  o r g a n i s a t i o n  i s  

f u l l y  c e r t i f i e d  t o  h a n d l e  c o m p l e x  a e r o s p a c e  d e v e l o p m e n t  p r o j e c t s   

 

N L R  f a c i l i t i e s  i n c l u d e  w i n d  t u n n e l s ,  f l i g h t -  a n d  A T M - s i m u l a t o r s ,  t w o  

l a b o r a t o r y  a i r c r a f t  a n d  m a n y  o t h e r  a c c r e d i t e d  a e r o s p a c e  t e s t  f a c i l i t i e s  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

NLR – Dedicated to innovation in aerospace 

 



 

 

 
 

 
 
 

w w w . n l r . n l  

 


